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1. Introduction
Patients receiving hemodialysis (HD) often develop leg ulcers, which are difficult to heal be‐
cause of complications of other diseases, including diabetes mellitus (DM), calciphylaxis,
collagen disease, peripheral arterial disorder (PAD), chronic anemia, and weakness of the
skin (Figure 1) [1-3]. Especially, infection of an ulcer is associated with the risk of sepsis,
which may be fatal if the blood access shunt becomes infected [4]. Some surgical treatment is
usually required in these cases.
This article focuses on the prognosis and results of treating these wounds in patients receiv‐
ing HD.
2. Patients and methods
We evaluated 57 patients receiving HD (male: 37, female: 20, and 32 because of diabetes
mellitus, 22 because of chronic glomerulonephritis, 2 because of polycystic kidney, and 1 be‐
cause of systemic lupus erythematosus) who had leg ulcers and underwent surgical treat‐
ment in our unit from 2004 through 2011. Patients ranged in age from 43 to 95 years (median
age: 69 years).
Ninety-four patients with leg ulcers due to DM (male: 53, female: 41) who underwent surgi‐
cal treatment in our unit from 2004 through 2011, were also investigated as a control. They
ranged in age from 26 to 93 years (median age: 59.5 years) (no significant difference, Wilcox‐
on rank sum test).
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I investigated differences in the cause of wounds, type of surgery, and their mortality to
evaluate the severity of the wounds in patients receiving HD.
Figure 1. Patients receiving hemodialysis often develop leg ulcers due to several causes, including trauma (A: skin de‐
fect following developing a hematoma due to falling on a step), infection (B: diabetic gangrene), peripheral arterial
disorder (C: leg dry necrosis due to arteriosclerosis obliterans).
3. Results
3.1. Causes of leg ulcers in patients with HD and DM
Leg ulcers in patients undergoing hemodialysis were originated due to ischemia in 34 cases
(60%), infection in 13 cases (23%), and trauma in 10 cases (17%). Those in patients with DM
were originally due to ischemia in 18 cases (19%), infection in 61 cases (65%), and trauma in
15 cases (16%) (Figure 2). HD-receiving patients were significantly more likely to develop
leg ulcers due to PAD comparing to those with DM (p<0.001, Chi-square test).
3.2. Treatments for leg ulcers in patients with HD and DM
In the HD-receiving patient group, 30 patients (52%) underwent amputation surgery.
Among them, 19 (33%) required major (below or above the knee) amputations, while 39
(42%) underwent amputation surgery, including 11 (12%) major amputations in the patients
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with leg ulcers due to DM (Figure 3). There was a significant differences between the groups
in the frequency of amputation (p<0.05, Chi-square test) and that of major amputation
(p<0.001, Chi-square test).
Figure 2. Causes of leg ulcers in patients with HD and DM (PAD: peripheral arterial disorder)
Figure 3. Treatments for leg ulcers in patients with HD and DM
3.3. Mortality of patients with leg ulcers
Three patients (5%) with HD died of contaminated foot ulcers, and 3 (3%) with DM (Figure
4). There were no significant differences in mortality between the 2 groups (p>0.05, Chi-
square test).
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Figure 4. Mortality of patients with leg ulcers
4. Discussion
Chronic renal failure (CRF) affects all the systems of the body, causing neurological, gastroin‐
testinal, cardiovascular, pulmonary, hematological, endocrine-metabolic, and dermatological
disorders [5]. Among them, cutaneous disorders are one of the common problems in patients
on long-term hemodialysis. The commonest skin disorders are xerosis and pruritus [6, 7]. The
skin of patients on hemodialysis is dry, and so the skin barrier structure and function are im‐
paired [8]. Formerly, it was believed that the impaired skin resistance and stimuli caused by
scrunching because of itchy skin cause continuous inflammations, which contribute to local
skin ulcers [9]. Of course, these problems may be the causes of erosion or slight ulcers in HD-re‐
ceiving patients. However, my study revealed that severe leg ulcers, which may require ampu‐
tation, were mainly caused by some complications such as PAD and infection [10].
Difficulty healing wounds is a frequent problem in patients on HD because of their poor
general conditions, including malnutrition, inflammation, and PAD [1]. Mistrík et al. report‐
ed a significant decrease in skin blood flow during the HD procedure, and concluded that
the skin blood flow may be impaired in HD patients, which leads to the development of dif‐
ficulty in healing skin wounds [3]. Regarding cutaneous infection, the incidence of fungal in‐
fection in patients undergoing hemodialysis was 67%, which suggested that adequate foot
care had not been performed for these patients [11]. CRF patients exhibit impaired cellular
immunity due to a decreased T-lymphocyte cell count; this could explain the increased
prevalence of infections [12]. Consequently, patients receiving HD were associated with
higher complication rates and mortality when they developed leg ulcers [13].
Patients with severely ischemic legs due to maintenance HD often require multiple surgeries
because arteriosclerosis obliterans usually progresses, which causes other ischemic ulcers
(Figure 5-8). Amputations of legs or fingers are sometimes performed for these complex ul‐
cers, because patients receiving HD are thought to present with immunocompromised con‐
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ditions, and aggressive life-threatening infections such as sepsis require immediate surgical
debridement in order to salvage the blood access line and save their lives (Figures 7, 9, 10).
Administering antibiotics for a contaminated wound containing necrotic tissue is of no use
because they cannot affect a non-vascularized or necrotic mass. Immediate surgical debride‐
ment is the only choice to improve these soft tissue infections [14, 15]. Surgical amputation is
sometimes recommended to resurface these wounds, especially for some ischemic wounds
including dry necrosis of toes and feet (Figure 9). My study revealed that more than half of
patients underwent toe or leg amputation.
Figure 5. Case 1. Ischemic ulcer (A) The photograph shows a necrotic wound of right 2nd toe in a patient receiving HD
at the initial examination. He was also diagnosed with peripheral arterial disorder. (B) He underwent amputation of
the toe and the wound was healed.
Figure 6. Case 2. Ischemic ulcer (PAD) (A) The photograph shows a necrotic wound of the right 2nd toe in a patient
receiving HD at the initial examination. He was also diagnosed with peripheral arterial disorder. (B) He underwent am‐
putation of the toe and the wound was healed. (C) However, he developed another ischemic ulcer 20 months later
and required another amputation.
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Figure 7. Case 3. Foot burn (trauma) (A) The patient was referred from an emergency unit for a complex necrotic ulcer
caused by a burn to the left foot, with a high fever. As his blood access shunt in the right elbow also showed inflam‐
mation, amputation of the left big and 2nd toes was immediately performed. (B) As soft tissue necrosis progressed af‐
ter debridement, and osteomyelitis occurred 1 month later, he underwent further amputation. (C) Finally, he
underwent Chopart's joint amputation 2 months later.
Figure 8. Case 4. Onychia periungualis (infection) (A) An HD-receiving patient developed onychia periungualis of the
left 1st toe. (B) Although, he underwent the removal of the nail and antibiotic treatment, the ulcer and toe necrosis
progressed. (C) The patient underwent amputation of the 1st and 2nd toes. (D) However, wound healing was unfavor‐
able, because of the peripheral arterial disorder, thus, further amputation was required. (E) One month after the 3rd
toe amputation, the wounds healed satisfactorily.
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Figure 9. Case 5. Ischemic ulcer (PAD) (A) The photograph shows a necrotic wound of the right foot in a patient re‐
ceiving HD at the initial examination. He was also diagnosed with peripheral arterial disorder. (B) As he developed
sepsis and his blood access shunt in the right elbow also showed inflammation, he underwent below the knee ampu‐
tation immediately, and the wound healed.
Figure 10. Case 6. Necrotizing fasciitis (infection) The photograph shows necrotizing fasciitis of the right foot in a pa‐
tient receiving HD at the initial examination. He underwent below the knee amputation immediately.
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I have investigated ulcers requiring surgical treatment, and the present study indicates that
the development of severe leg ulcers in patients with HD is strongly influenced by ischemia
due to PAD. Several investigators have reported incidences of peripheral arterial occlusive
disease in patients receiving HD, ranging from 2.5 to 19.0% [16, 17].
These wounds usually develop infection, and often result in higher mortality rates because
blood access shunts, especially when an artificial vessel is grafted, are easily infected. All my
patients with infectious wounds (14 cases) required immediate debridement, including am‐
putation to prevent such unfavorable general infections, because aggressive local inflamma‐
tory reactions had already developed.
On the other hand, the development of ulcers in patients with DM (control group) was
mainly due to infection, which is so-called diabetic gangrene and is known to be life-threat‐
ening. My study revealed that there were no significant differences in mortality between the
DM and HD groups. This suggested that the control of infection by aggressive debridement,
including amputation, is the most important for the treatment of both local and general in‐
fection and saving the lives of patients. When initial debridement is insufficient and local in‐
fection recurs, further debridement should be performed. Wound infection cannot be
controlled in the presence of necrotic tissue; therefore, amputation of fingers or legs is some‐
times recommended, especially, when the patients show an septic status.
5. Conclusion
I conclude that patients receiving HD developed leg ulcers mainly due to PAD. They were
likely to be more severe and progressive. Thus, they frequently require amputation before
blood access shunts are infected.
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